WHAT IS CLAIMED IS: 
! l A multiple-gate transistor comprising: 

2 as e ffii conduc t orfmfon„ed i naporUonofabulk S em i co„duc t orsubs tt a,e; 

3 a gate dielectric overlying a portion of the semicondnctor fin; 
4 

5 and 

a source region and a drain region fomred in the semiconductor fin opposite* advent ,o 

8 having a drain-substrate junction; 

wherein the bottom surface of the gate elecuode is lower man me source-— 

10 junction or the drain-substrate junction. 

, 2 . TO e~ofc 1 aimlwherei.,hega t ee 1 ec tt odecomprisespo.ycrys*„eor 

2 amorphous silicon. 

2 electrode. 

2 semiconductor. 

, 5 . The srrucutre of Cairn, wherein the gate electrode is formed from a metaffic nitride. 

, , The structure of claim, whetei, the gate electrode is fotnted from a metallic silicide. 
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7 . The shucture of claim 1 wherein the gate electrode is formed from a metal. 

8 . The structure of claim . wherein the gate electrode ha, a substantia,,, P ,anar top surface. 
The structure of Cairn , and further comprising spacers on sides of me gate electrode. 

10 . The structure of claim , wherein the semiconductor fin comprises siUcon. 
„. Thesmrcrureofclaimlwhereinmesemiconductorfincomprisessiliconand 
2 germanium. 

a The structure of claim 1 wherein the semiconductor structure further comprises an 
etchant mask overlying the semiconductor fin. 
, The structure of cMm, wherein the semiconductor fin has a fin width mat ,s ,arger a„hc 

2 top of me semiconductor fin man a, Ore bottom of the semiconductor fin. 
, 14. The sttucmreofdaiml wherein the gate die,ectric comprises silicon oxide. 
, 15 . Thestnrcuueofdaimlwheremmegatedlelecu.ccomprisessificonoxyni.ide. 

, 16 . The strucmre of claim 1 wherein me gate dielechic comprises a high permittivity 
2 material. 

, „ Thesumcrmeofclamt.wheminmega.dideeufccomprisesama.ria.se.ec.dfrom 

3 and zirconium oxide, and combinations thereof. 
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,, Th— ofcUiml wherein.hegatedietecnccompnsesamatenal^areiative 
permittivity greater than about 5. 

19 . The — ofc.aimlwh^inAega^e.ec^chaaa.hic^sofbetweenabou.S 
and about 100 angstroms. 

20. The structure of claim 1 wherein the mu„ip,e- g a,e transistor is a triple-gate nansisto, 
2, The structure of clahn , wherein the multiple-gate transistor is a douh,e-gate transistor. 
22. The strucmre of claim . wherein the multiple-gate transistor is an omega-gate transistor. 
23 The structure of claim 1 wherein the bonom surface of the gate electrode is lower than 
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! 24. A method of forming a multiple-gate transistor, the method comprising: 

2 providing a bulk semiconductor substrate; 

3 forming a semiconductor fin in the bulk semiconductor substrate; 

4 fonning isolation regions on sides of the semiconductor fin; 

5 fonning a gate dielectric and a gate electrode on a portion of the semiconductor fin, the 

6 gate electrode having a bottom surface; and 

forming a source region and a drain region in the semiconductor fin, me source region 
8 having a source-substrate junction and the drain region having a drain-substrate junction, tire 
, somce-substmeju.c.ionordram^^ 
10 gate electrode. 

1 2 5. Themethodofclaim24whe^ 

2 junction is higher than the bottom surface of the gate electrode by at least 50 angstroms. 



1 26. 

2 

3 



The method of claim 24 wherein forming a semiconductor fin comprises: 
forming a mask over the bulk semiconductor substrate; and 

etching exposed regions of the semiconductor substrate to form the semiconductor fin. 



1 27. The method of claim 26 further comprising removing the mask. 

1 28. The method of claim 27 wherein the mask comprises a photoresist. 
! 29. Thememodofclaim27whe^ 

2 consisting of silicon oxide, silicon oxynitride, silicon nitride, and combinations thereof. 
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, 30. TT 1 e m e*odofc 1 ai m 24and & Aerco m p ri sings« I appmgftesou I ceanddrai„regio„s 
2 with a conductive material. 

, j,. The m eftodofc.aim24andftafterco mP rismgfonningspacersonsidesofAegate 
2 electrode. 

, 32. The method of claim 24 and former comprising performing selective epitaxy on the 
2 source and drain regions. 

, 33. The method of claim 24 wherein the semiconductor fin comprises silicon. 
, 34. ThcmeUtodofclaim24whereinmesemicondnc«orfmcomprisessilico»and 
2 germanium. 

, 35. Tie method of claim 24 wherein the gate dielectric comprises silicon oxide or silicon 
2 oxynitride or silicon nitride. 

, 36. Thcmemodofclmm24whereinmega«edielectricc„mprisesahighpermi«,Wity 
2 material. 

, 37 TTte method of claim 24 wherein the gate dielectric comprises a material selected from 

2 .he gronp consisting of lanthannm oxide, aluminum oxide, hafitium oxide, hafnium oxynitride, 

3 and zirconium oxide, and combinations thereof. 

, 38. The method of claim 24 wherein the gate dielectric comprises a materia, with a relative 
2 permittivity greater than about 5. 
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, 39. T,e m eU 1 odo f c 1 ai m 24w h e rei n«he g a t edie 1 e Ctri chasa tota essof b e W ee„abou,3 

2 and about 100 angstroms. 

., 4 „. ^^0^2^^^^^^°' 

2 amorphous silicon. 

, «. Th e me fl >o d ofc.ai m 24whe re mthega K elect,odecomprisespo 1 y-SiGe. 

, 42 . The m e«hodo f c.ai m 24whe Ki „*ega,ee 1 eo tt odeco mP ns e sa m e Bl Hc I u ttid e. 

, 44. Theme*odofc.a im 24wherei„Aega.ee 1 ec tt odecompns eS ame a l. 

, 45. T ta -^-«^«^ fc -^^ b, ^ ,— ' 
, 46. Tta ^™«^^«^^ h,, ^ — 
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1 48. 
2 



A method of forming a semiconductor device, the method compnstng: 
providing a silicon substrate; 

etching portions of the silicon substrate to form at least one semiconductor fm; 
forming a gate dielectric layer over the semiconductor fin; 
forming a gate electrode layer over the gate dielectric layer; 

electrode layer to form a gate electrode, the gate electrode 



3 
4 
5 

6 etching portions of the gate 

ana sidewalls and a top surface of the semiconductor fin; 



7 overlying : 

forming a region of materia, adjacent portions of the semiconductor fin not underlying 

10 of the region of material; and 

doping the sidewal, of the semiconductor ftnabove the region of materia.. 

, 49 . The method of dahn 48 wherein forming an isolation region comprises depositing an 

2 oxide material. 

, 50 Tll e m ethodofc.aim48and^ercornprisingformin g amas k ing m ate I ia 1 overnte 

2 silicon substrate and whereinthe step „, etching portions of the stiicon substrate is performed m 

3 alignment with the masking material. 

, 5 , The method of data 50 and further comprising removing the masking materia, after the 
2 semiconductor fin is formed. 

, 5 , The method of Cairn 50 wherein the gate dielectric layer and the gate electrode layer are 
2 formed over the masking material. 
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53. The method of elaim 48 wherein forming a region of material comprises depositing a 
dielectric layer. 

54. The method of elaim 48 wherein forming a gate dieleetric layer comprises forming a 
layer of a material with a relative permittivity greater than about 5. 

55. The method of claim 48 and further comprising forming an isolation region adjacent the 
semiconductor fin. 

56. The method of claim 48 and further comprising removing the region of material after 
doping the sidewall. 
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